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Supporting Section Part A. Supporting Discussion and Methods
It has been demonstrated that the organisms could be kept alive and fully recover from up to 14 hours of spinning at 2.5 kHz at 5 o C. However, while this simplifies the NMR aspects of the study, the process itself will likely induce some stress. Techniques developed for slow magic angle spinning such as PHORMAT 1 can theoretically be applied and should eventually permit the extraction of chemical shift information, at spinning speeds as low as 1 Hz, and permit animals potentially as large as rats to be studied. Interpretation of the spectra at present is challenging, as discussed previously this is in part due to the fact that NMR databases are still somewhat in their infancy, albeit they are evolving at a rapid rate in parallel with the growth of NMR based metabolomics in general. The main remaining hurdle then becomes the spectral overlap which hampers both interpretation and subsequent quantification. The easiest quantitative information could be accessed from the basic 1D NMR in combination with Electronic REference To access In vivo Concentrations (ERETIC), a method developed to provide quantification from MRI, without the need for internal standards 2 .
Unfortunately the overlap in basic 1D NMR makes this challenging for most species. Theoretically quantification can be done via the spectral editing approaches (Figure 3 ), but additional ERETIC based protocols will be required that account for signal fraction during the weighted subtractions required for editing. ERETIC is possible in multidimensional NMR, 3 and when combined with special data acquisition techniques can be completely quantitative 4 . The sub-fraction of signals in the multidimensional dataset can be related to the total signal from the whole organism, which can theoretically be achieved through spin counting 5 . While considerable research in this area is required, given that NMR (if acquired appropriately) is highly quantitative and that the fundamental tools to quantify in vivo without standards already exist, providing absolute quantitation should be feasible in the near future. As such the complexity of the whole organisms and the resulting spectral overlap remains the key challenge. One of the easiest way to further reduce overlap (along with providing more connectivity information for assignment) would be to integrate other heteronuclear information into the NMR experiments to further provide spectral dispersion. Consider for example the peak capacity of a 1 H- 13 C HSQC dataset (employed here) is generally considered to be ~2,000,0000, while the peak capacity of 3D NMR is ~100,000,000 6 . The most obvious choice would be the incorporation of both a 13 C and 15 N isotopic label into the food source (i.e.
13
C/
15
N doubled labelled algae), giving rise to double labelled organisms. In this case, the great wealth of experiments to study biomolecules can be applied and it would be relatively easy to use 15 N editing to extract sub-spectra that contain only amino acids, or even spectra for specific amino acids or target metabolites.
31
P would be complimentary and could provide direct evidence relating to nucleotide bases and key energy molecules such as ATP and ADP.
14 Si represents a very important nucleus with diatoms representing key contributors to the global fixation of carbon. A recent review concluded that the lack of molecular knowledge regarding silicon sequestration into diatoms (the major limiting nutrient in diatom growth) is limiting progress in this field of research 7 . The ability of the CMP probe to study all phases would allow researchers to follow how soluble silica is absorbed, transported by organic molecules and precipitated as solid cell walls in vivo. Beyond structure elucidation, in vivo CMP-NMR is ideal to study molecular interactions. It has the ability to follow in vivo binding, transformation, sequestration, bioaccumulation and excretion of the contaminants and drugs. In this light 19 F common in many pharmaceuticals and environmental contaminants 8 provides a unique handle to selective view xenobiotics, and to elucidate their dynamics and kinetics 9, 10 . If
19
F is not naturally present 2 H provides the potential to introduce an NMR active nucleus into pretty much any organic structure with little alteration to the molecular chemistry 11 .
Culturing of the isotopically labelled algae 5000,Mettler Toledo) at a concentration of 2%. The nitrogen carrier gas was allowed to vary between 65% and 85% corresponding to the oxygen content which increased during autotrophic growth of algae between 15% and 30%. If the oxygen content reached a value of 30% (pO 2 -probe Visiferm Do Arc., Hamilton) an N 2 purging step was introduced in order to reduce the O 2 content to the initial value of 15%. To avoid loss of 12 CO 2 during N 2 purging, the 13 CO 2 addition was stopped at the end of a growth cycle until a value of 0.5% was reached by metabolic depletion. If the oxygen reached the initial value of 15% due to N 2 -purging, the computer controlled valves (Valve 221606, Buerkert) were closed and another growth cycle was resumed. The 13 C-content of the algae biomass was determined by analyzing the enrichment in "C 18 " fatty acids of isolated algae biomass by GCMS (Thermo Quest Polaris Q MS / Trace GC2000, Thermo Fisher). The (2) on the left shoulder of the (CH 2 ) n resonance is an indication of anaerobic stress 13 . While alanine (1) has been reported as an indicator of stress in general in aquatic organisms 14 . Interestingly these younger H. azteca have strong contribution in regions (3) and (4) which have been assigned to omega-3's and an overlapping region where DHA (docosahexaenoic acid) resonates 15 . This would be consistent with these compounds being essential to invertebrate early growth 16 and indicates that CMP-NMR could be a useful tool in general to study chemical physiology and dynamics. H T1 for metabolites were estimated at 400 ms (inverse recovery experiment) leading to a repetition rate of 2.4 s (2 s delay + 0.4 s acquisition time). The relatively short relaxation times arise due to the fact the sample is a whole organism and it is uniformly . Inversion recovery showed a sharp metabolite profile superimposed over a broad macromolecular background. The background rapidly relaxed exhibiting a T1 estimated at 100ms. As such the recycle delay was set at ~ 5 x T1 of the macromolecular background (or ~1.2 times the metabolite T1's). Readers should note however, that CP-MAS is not considered fully quantitative and is only used for editing purposes in this manuscript. 
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